Introduction {#Sec1}
============

Easter eggs nowadays also refer to inside jokes and/or secret messages usually hidden e.g. in computer gaming and hi-tech software. In this work, we take advantage of this terminology to motivate the search for New Physics Beyond the Standard Model in the radiative and in the (semi)leptonic channels of rare *B* meson decays.

In the decades that have followed the original formulation of flavour mixing \[[@CR1]\], the flavour structure of the SM has been experimentally tested and well established. The tremendous progress of the experimental facilities has probed the flavour of the SM to an exquisite level of precision \[[@CR2]\], along with the substantial effort on the part of the theoretical community to go well beyond leading order computations \[[@CR3]\]. From this perspective of "precision tests", radiative and (semi)leptonic $\documentclass[12pt]{minimal}
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                \begin{document}$$\varDelta B = 1$$\end{document}$ processes, related at the partonic level to $\documentclass[12pt]{minimal}
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                \begin{document}$$b \rightarrow s \gamma , s \ell \ell $$\end{document}$ transitions, occupy a special place in probing the SM and its possible extensions in terms of New Physics (NP) models \[[@CR4], [@CR5]\].

Firstly, these rare *B* meson decays belong to the class of flavour-changing neutral current (FCNC) processes, which are well known to be sensitive probes of Physics Beyond the Standard Model (BSM): in fact -- within the SM -- the flavour structure of the theory allows FCNC to arise only at loop level, as a consequence of the GIM mechanism \[[@CR6]\]. This allows for significant room for heavy new degrees of freedom to sizeably contribute to these rare processes.

Secondly, from the experimental side, the study of rare *B* meson decays offers us some of the most precise measurements amongst the $\documentclass[12pt]{minimal}
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                \begin{document}$$| \varDelta F | = 1$$\end{document}$ processes. For instance, the measurement of the inclusive branching fraction of $\documentclass[12pt]{minimal}
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                \begin{document}$$B \rightarrow X_{s} \gamma $$\end{document}$ is currently performed with a relative uncertainty of a few percent \[[@CR7]--[@CR9]\], while the study of an exclusive mode such as $\documentclass[12pt]{minimal}
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                \begin{document}$$B \rightarrow K^{*} \ell \ell $$\end{document}$ allows for a detailed analysis of the angular distribution of the four final state particles, yielding rich experimental information in terms of angular functions of the dilepton invariant mass, with full kinematic coverage of the latter \[[@CR10]\] and -- starting from Ref. \[[@CR11]\] -- also with available experimental correlations among the angular observables.

In *B* Physics, the recent years have been characterised by the emergence of a striking pattern of anomalies in multiple independent studies of some of these rare $\documentclass[12pt]{minimal}
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                \begin{document}$$b \rightarrow s$$\end{document}$ transitions \[[@CR12]\]. Of particular importance, the measurement of the $\documentclass[12pt]{minimal}
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                \begin{document}$$P_{5}'$$\end{document}$ angular observable \[[@CR13]--[@CR16]\] stands out from all the other ones related to the angular distribution of $\documentclass[12pt]{minimal}
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                \begin{document}$$B \rightarrow K^{*} \mu \mu \,$$\end{document}$; first realised by the LHCb collaboration \[[@CR17], [@CR18]\] and later on also by the Belle collaboration \[[@CR19]\], the experimental analysis of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_{5}'$$\end{document}$ in the large recoil region of the decay points to a deviation of about $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3\sigma $$\end{document}$ with respect to the SM prediction presented in Ref. \[[@CR20]\]. The latter, however, suffers from possible hadronic uncertainties which are sometimes even hard to guesstimate \[[@CR21]--[@CR24]\], and this observation has been at the origin of a quite vivid debate in the recent literature about the size of (possibly) known and (yet) unknown QCD power corrections to the amplitude of this process in the infinite mass limit \[[@CR25]--[@CR28]\]. To corroborate even more the cumbersome picture of the "$\documentclass[12pt]{minimal}
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                \begin{document}$$P_{5}'$$\end{document}$ anomaly", two new independent measurements of this angular observable (among others) have been recently released by the ATLAS \[[@CR29]\] and CMS \[[@CR30]\] collaborations, showing, respectively, an appreciable increase and reduction of the tension between data and the SM prediction in Ref. \[[@CR20]\], as reported by these experiments.

For the sake of completeness, one should also remark that other smaller tensions have been around, concerning the measurement of differential branching fractions of $\documentclass[12pt]{minimal}
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                \begin{document}$$B \rightarrow K \mu \mu \,$$\end{document}$ \[[@CR31], [@CR32]\] and $\documentclass[12pt]{minimal}
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                \begin{document}$$B_{s} \rightarrow \phi \mu \mu $$\end{document}$ \[[@CR33]\]. It is worth noting that, while for the latter mode an explanation in terms of hadronic physics may easily be conceivable, the theoretical computation of the former seems to be under control \[[@CR34]\].

Quite surprisingly, a possible smoking gun for NP in rare *B* meson decays already came out in 2014, when the LHCb collaboration presented for the first time the measurement of the ratio of branching fractions \[[@CR35]\]:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} R_{{K}_{[1,6]}}\equiv & {} \frac{Br(B^{+} \rightarrow K^{+} \mu ^{+} \mu ^{-})}{Br(B^{+} \rightarrow K^{+} e^{+} e^{-})} \nonumber \\= & {} 0.745 ^{+ 0.090}_{-0.074}\pm 0.036, \end{aligned}$$\end{document}$$where the subscript refers to the dilepton mass (denoted hereafter $\documentclass[12pt]{minimal}
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                \begin{document}$$q^{2}$$\end{document}$) range going from 1 to 6 GeV$\documentclass[12pt]{minimal}
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                \begin{document}$$^{2}$$\end{document}$. This experimental value shows a deviation of about $\documentclass[12pt]{minimal}
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                \begin{document}$$2.6\sigma $$\end{document}$ with respect to the standard theoretical prediction. Indeed, the SM value of $\documentclass[12pt]{minimal}
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                \begin{document}$$R_{K}$$\end{document}$ in the bin provided by the LHCb collaboration is expected to be equal to unity beyond the percent level of accuracy \[[@CR36], [@CR37]\]. In fact, contrary to observables such as $\documentclass[12pt]{minimal}
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                \begin{document}$$P_{5}'$$\end{document}$, it is important to stress that $\documentclass[12pt]{minimal}
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                \begin{document}$$R_{{K}}$$\end{document}$ may be, in general, regarded as insensitive to QCD effects \[[@CR36]\]. From the model building point of view, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$R_K$$\end{document}$ can certainly be considered as quite informative, hinting at a UV completion of the SM where lepton flavour universality violation (LFUV) takes place in the flavour-violating couplings of new heavy degrees of freedom, e.g. leptoquarks and/or $\documentclass[12pt]{minimal}
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                \begin{document}$$Z'$$\end{document}$ gauge bosons \[[@CR38]--[@CR67]\]. Most importantly, the tantalising correlation of this signature of LFUV with the $\documentclass[12pt]{minimal}
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                \begin{document}$$P_{5}'$$\end{document}$ anomaly, suggested by several global analyses \[[@CR4], [@CR68]--[@CR72]\] has triggered different proposals of measurements of such effect in the angular analysis of the $\documentclass[12pt]{minimal}
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                \begin{document}$$K^{*} \ell \ell $$\end{document}$ channel \[[@CR73], [@CR74]\]. Interestingly enough, an analysis from the Belle collaboration aiming at separating the leptonic flavours in $\documentclass[12pt]{minimal}
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                \begin{document}$$B \rightarrow K^{*} \ell \ell $$\end{document}$ \[[@CR75]\] shows a consistent $\documentclass[12pt]{minimal}
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                \begin{document}$$\sim 2.6\sigma $$\end{document}$ deviation from the SM prediction reported in Ref. \[[@CR20]\] in the dimuon leptonic final state only. This is compatible with previous experimental findings related only to the mode with muonic final states.

Sitting on similar theoretical grounds to $\documentclass[12pt]{minimal}
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                \begin{document}$$R_{K}$$\end{document}$, another intriguing ratio of *B* decay branching fractions can be measured in the $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned}&R_{{K^{*}}_{[0.045,1.1]}} \,\equiv \, \frac{Br(B \rightarrow K^{*} \mu ^{+} \mu ^{-})}{Br(B \rightarrow K^{*} e^{+} e^{-})}\nonumber \\&~~~~~~~~~~~~~~~~ = 0.660 ^{+ 0.110}_{-0.070}\pm 0.024 ,\end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned}&R_{{K^{*}}_{[1.1,6]}} = \ 0.685 ^{+ 0.113}_{-0.069}\pm 0.047 . \end{aligned}$$\end{document}$$These measurements for the low-$\documentclass[12pt]{minimal}
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                \begin{document}$$q^2$$\end{document}$ one have just been presented by the LHCb collaboration \[[@CR76]\], pointing again to a discrepancy of about $\documentclass[12pt]{minimal}
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                \begin{document}$$2\sigma $$\end{document}$ with respect to the expected SM prediction -- again equal to 1 to a very good accuracy for the central-$\documentclass[12pt]{minimal}
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                \begin{document}$$q^2$$\end{document}$ bin and close to 0.9 for the low-$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$q^2$$\end{document}$ one -- and yielding more than a $\documentclass[12pt]{minimal}
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                \begin{document}$$3\sigma $$\end{document}$ deviation when naively combined with the measurement of $\documentclass[12pt]{minimal}
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                \begin{document}$$R_K$$\end{document}$. Note that with higher degree of braveness (or, depending on the taste of the reader, of unconsciousness), the disagreement of the SM with precision *B* physics may reach the exciting level of $\documentclass[12pt]{minimal}
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                \begin{document}$$\gtrsim 5\sigma $$\end{document}$ when one naively combines together the single significances coming from $\documentclass[12pt]{minimal}
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                \begin{document}$$P_{5}'$$\end{document}$ measurements and the minor deviations observed in the other exclusive branching fractions.

Given the excitement of these days for all the above hints of a possible NP discovery in rare *B* meson decays, in this work we take our first steps towards a positive attitude in the search of a definite BSM pattern aimed at addressing these *B* anomalies. We perform our study in a model-independent fashion, within the framework of effective field theories for weak interactions \[[@CR77]--[@CR79]\]. In particular, in Sect. [2](#Sec2){ref-type="sec"} we define the setup characterising the whole global analysis, presenting six different benchmark scenarios for NP, together with a discussion as regards two different approaches in the estimate of the hadronic uncertainties that can affect quantitatively our final results. In Sect. [3](#Sec5){ref-type="sec"}, we list all the experimental measurements we use to construct the likelihood in our fit, and we discuss in detail our most important findings. The latter are effectively depicted in Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"}, [5](#Fig5){ref-type="fig"}, [6](#Fig6){ref-type="fig"}, and collected in Tables [2](#Tab2){ref-type="table"}, [3](#Tab3){ref-type="table"}, [4](#Tab4){ref-type="table"}, [5](#Tab5){ref-type="table"} in Appendix A. In Sect. [4](#Sec8){ref-type="sec"} we summarise our conclusions.

Theoretical framework of the analysis {#Sec2}
=====================================

In this section we present the effective field theory framework at the basis of this work and introduce the benchmark scenarios we focus on for our study of NP effects in rare *B* decays. We then illustrate the two distinct broad classes of assumptions that characterise our global analysis: the case where we take an optimistic attitude towards the estimate of hadronic uncertainty plaguing the amplitude of both $\documentclass[12pt]{minimal}
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                \begin{document}$$B_s \rightarrow \phi \ell \ell / \gamma $$\end{document}$ channels, and a second one where we aim at providing a more conservative approach. All the results in Sect. [3.2](#Sec7){ref-type="sec"} will be classified under these two different setups.
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                \begin{document}$$\varDelta B = 1$$\end{document}$ {#Sec3}
------------------------------------------------------------------

Integrating out the heavy degrees of freedom, the resulting effective Hamiltonian of weak interactions for $\documentclass[12pt]{minimal}
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                \begin{document}$$b \rightarrow s \gamma , s \ell \ell $$\end{document}$ transitions involves the following set of dimension six operators within the SM \[[@CR80]\]:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned}&Q^p_1 = (\bar{s}_L\gamma _{\mu }T^a p_L)(\bar{p}_L\gamma ^{\mu }T^ab_L),\nonumber \\&Q^p_2 = (\bar{s}_L\gamma _{\mu } p_L)(\bar{p}_L\gamma ^{\mu }b_L), \nonumber \\&P_3 = (\bar{s}_L\gamma _{\mu }b_L)\sum \phantom {} _q(\bar{q}\gamma ^{\mu }q), \nonumber \\&P_4 = (\bar{s}_L\gamma _{\mu }T^ab_L)\sum \phantom {} _q(\bar{q}\gamma ^{\mu }T^aq),\nonumber \\&P_5 = (\bar{s}_L\gamma _{\mu 1}\gamma _{\mu 2}\gamma _{\mu 3}b_L)\sum \phantom {} _q(\bar{q}\gamma ^{\mu 1}\gamma ^{\mu 2}\gamma ^{\mu 3}q),\nonumber \\&P_6 = (\bar{s}_L\gamma _{\mu 1}\gamma _{\mu 2}\gamma _{\mu 3}T^ab_L)\sum \phantom {} _q(\bar{q}\gamma ^{\mu 1}\gamma ^{\mu 2}\gamma ^{\mu 3}T^aq), \\&Q_{8g} = \frac{g_s}{16\pi ^2}m_b\bar{s}_L\sigma _{\mu \nu }G^{\mu \nu }b_R,\nonumber \\&Q_{7\gamma } = \frac{e}{16\pi ^2}m_b\bar{s}_L\sigma _{\mu \nu }F^{\mu \nu }b_R\,, \nonumber \\&Q_{9V} = \frac{\alpha _{e}}{4\pi }(\bar{s}_L\gamma _{\mu }b_L)(\bar{\ell }\gamma ^{\mu }\ell ), \nonumber \\&Q_{10A} = \frac{\alpha _{e}}{4\pi }(\bar{s}_L\gamma _{\mu }b_L)(\bar{\ell }\gamma ^{\mu }\gamma ^5\ell ),\nonumber \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
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                \begin{document}$$\ell = e , \mu $$\end{document}$, $\documentclass[12pt]{minimal}
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                \begin{document}$$p = u,c$$\end{document}$ and we have neglected the chirally suppressed SM dipoles. The $\documentclass[12pt]{minimal}
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                \begin{document}$$\varDelta B = 1$$\end{document}$ effective Hamiltonian can be cast in full generality in the form of a combination of two distinct parts:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathcal {H}_\mathrm {eff}^{\varDelta B = 1} = \mathcal {H}_\mathrm {eff}^\mathrm {had} + \mathcal {H}_\mathrm {eff}^\mathrm {sl+\gamma }, \end{aligned}$$\end{document}$$where, within the SM, the hadronic term involves the first seven operators in Eq. ([5](#Equ5){ref-type=""}):$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathcal {H}_\mathrm {eff}^\mathrm {had}&= \frac{4G_F}{\sqrt{2}} \Bigg [\sum _{p=u,c}\lambda _p\bigg (C_1 Q^{p}_1 + C_2 Q^{p}_2\bigg ) \nonumber \\&\quad -\, \lambda _t \bigg (\sum _{i=3}^{6} C_i P_i + C_{8}Q_{8g} \bigg )\Bigg ], \end{aligned}$$\end{document}$$while the second piece includes the electromagnetic dipole and semileptonic operators:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathcal {H}_\mathrm {eff}^\mathrm {sl+\gamma } = - \frac{4G_F}{\sqrt{2}}\lambda _t ( C_7Q_{7\gamma } + C_9Q_{9V} + C_{10}Q_{10A}), \end{aligned}$$\end{document}$$with $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda _{i}$$\end{document}$ corresponding to the CKM combination $\documentclass[12pt]{minimal}
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                \begin{document}$$i=u,c,t$$\end{document}$ and where $\documentclass[12pt]{minimal}
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                \begin{document}$$C_{i=1,\ldots ,10}$$\end{document}$ are the Wilson coefficients (WCs) encoding the short-distance physics of the theory. All the SM WCs in this work are evolved from the mass scale of the W boson down to $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu _{b}=4.8$$\end{document}$ GeV, using state-of-the-art perturbative QCD and QED calculations for the matching conditions \[[@CR81]--[@CR83]\] and the anomalous dimension matrices \[[@CR83]--[@CR86]\] relevant for the processes considered in this analysis.

While a general UV completion of the SM may enter in the effective couplings present in both pieces of Eq. ([5](#Equ5){ref-type=""}), general NP effects in $\documentclass[12pt]{minimal}
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                \begin{document}$$b \rightarrow s \gamma , s \ell \ell $$\end{document}$ can be phenomenologically parametrised as shifts of the Wilson coefficients of the electromagnetic and semileptonic operators at the typical scale of the processes, $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu _{b}$$\end{document}$. In particular, the most general basis for NP effects in radiative and (semi)leptonic *B* decays can be enlarged by the presence of scalar, pseudo-scalar and tensorial semileptonic operators, together with right-handed quark currents as the analogue of $\documentclass[12pt]{minimal}
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We wish to stress that all of the six benchmarks defined above will be studied for the first time under two different approaches in the estimate of QCD hadronic power corrections, as presented in next section.

Treatment of the hadronic uncertainties {#Sec4}
---------------------------------------

In our previous work \[[@CR24], [@CR27], [@CR89]\], we went into considerable detail on the treatment of hadronic contributions in the angular analysis of $\documentclass[12pt]{minimal}
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In this work we proceed to study the possible existence of NP contributions in semileptonic and radiative $\documentclass[12pt]{minimal}
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In the present analysis we also need to address modes that were not considered in our previous work, namely $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B\rightarrow K\ell \ell $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B_{s}\rightarrow \phi \ell \ell $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B_{s}\rightarrow \phi \gamma $$\end{document}$. The decay $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B\rightarrow K\ell \ell $$\end{document}$ has been studied in detail in \[[@CR34]\], where the authors show that the hadronic uncertainties are smaller than in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B\rightarrow K^*\ell \ell $$\end{document}$. A comparison of the LCSR estimate of the soft gluon contribution and the QCDF estimate of the hard gluon contribution reveals that the soft gluon exchange is subdominant with respect to QCDF hard gluon exchange. Therefore, although in principle the same concerns on the soft gluon contribution we raised for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B \rightarrow K^*$$\end{document}$ apply in this case, in practice the overall effect of soft gluons can be reasonably neglected. In our computation we therefore only include hard gluon exchange computed using the QCDF formalism in Ref. \[[@CR91]\].

The long distance contributions for $\documentclass[12pt]{minimal}
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Bayesian fit of the dipole and semileptonic operators {#Sec5}
=====================================================

Experimental information considered {#Sec6}
-----------------------------------

In this section we discuss the experimental measurements we use in our fit. Note that for the exclusive modes we make use of measurements in the large recoil region only. Our choice harbours on the fact that the QCD long distance effects in the low recoil region are substantially different from the large recoil regime \[[@CR99]--[@CR102]\] and would require a dedicated analysis. For the fit in this study we consider the following experimental information:$\documentclass[12pt]{minimal}
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Results of the global fit {#Sec7}
-------------------------

In this section we present the main results of our work. We perform this study using HEPfit  \[[@CR113]\] relying on its Markov Chain Monte Carlo-based Bayesian analysis framework implemented with BAT \[[@CR114]\]. We fit to the data using 16 real free parameters that characterise the non-factorisable power corrections, as was done in \[[@CR24]\], along with the necessary set of NP WCs. We assign to the hadronic parameters and the NP WCs flatly distributed priors in the relevant ranges mentioned in Sect. [2](#Sec2){ref-type="sec"}. The remaining parameters used in the fit are listed in Table [1](#Tab1){ref-type="table"}. To better compare different scenarios, we use the Information Criterion \[[@CR115], [@CR116]\], defined as$$\documentclass[12pt]{minimal}
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The results for NP WCs for the several cases that we study can be found in Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"}, [5](#Fig5){ref-type="fig"} and [6](#Fig6){ref-type="fig"}, where the *IC* value for each model is also reported, and in Tables [2](#Tab2){ref-type="table"} and [3](#Tab3){ref-type="table"} in Appendix A. In Tables [4](#Tab4){ref-type="table"} and [5](#Tab5){ref-type="table"}, we report the results of the fit for observables of interest. We observe that all cases have comparable *IC* values except cases (IV) and (V), which are disfavoured in the PMD approach while they remain viable in the PDD one. The main difference between the two approaches is that angular observables, in particular $\documentclass[12pt]{minimal}
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Let us discuss the various cases in more detail. It is important to stress that the evidence of NP in our fit for cases (I)--(V) is always larger than $\documentclass[12pt]{minimal}
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Concerning case (III), we observe very similar findings to the ones obtained for case (I), since the effective coupling for the radiative dipole operator is well constrained, especially from the inclusive $\documentclass[12pt]{minimal}
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Regarding case (IV), in which we vary the three NP parameters $\documentclass[12pt]{minimal}
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We close our presentation with an analysis of case (VI) in which we float simultaneously $\documentclass[12pt]{minimal}
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                \begin{document}$$3\sigma $$\end{document}$ level -- while allowing for a very good description of the entire data set, similar to the other cases. The power corrections we found are larger than those obtained in Ref. \[[@CR90]\], but smaller than those required by the SM fit of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B\rightarrow K^*\mu \mu $$\end{document}$ \[[@CR24]\]. As discussed in detail in Refs. \[[@CR27], [@CR89]\], the size obtained for the power corrections is compatible with the naive power counting relative to the leading amplitude. We stress (once again) that a more optimistic attitude towards the estimate of QCD power corrections (PMD approach) leads to the a much stronger claim in favour of NP, at a statistical significance larger than $\documentclass[12pt]{minimal}
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In Tables [2](#Tab2){ref-type="table"} and [3](#Tab3){ref-type="table"} we report mean and standard deviation for the NP WCs and absolute values of $\documentclass[12pt]{minimal}
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Discussion {#Sec8}
==========

In this work, we critically examined several BSM scenarios in order to possibly explain the growing pattern of *B* anomalies, recently enriched by the $\documentclass[12pt]{minimal}
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                \begin{document}$$R_{K^*}$$\end{document}$ measurement performed by the LHCb collaboration \[[@CR76]\]. We carried out our analysis in an effective field theory framework, describing the non-factorisable power corrections by means of 16 free parameters in our fit along the lines of Ref. \[[@CR24]\].

We performed all our fits using two different hadronic models. The first approach, labelled PMD, relies completely on the phenomenological model from Ref. \[[@CR90]\] and corresponds to the more widely used choice in the literature. The second one, named PDD, imposes the result of Ref. \[[@CR90]\] only at $\documentclass[12pt]{minimal}
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Regarding the NP contributions, we analyse six different benchmark scenarios, differentiated by distinct choices of NP WCs employed in the fits. Case (I) allows for $\documentclass[12pt]{minimal}
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                \begin{document}$$C_{10,e}^\mathrm{{NP}} = - C_{9,e}^\mathrm{{NP}}$$\end{document}$ enforced; finally, case (VI) considers the general case with all the five NP WCs being allowed to float independently. Our main results are collected in Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"}, [5](#Fig5){ref-type="fig"} and [6](#Fig6){ref-type="fig"} and also reported in Tables [2](#Tab2){ref-type="table"}, [3](#Tab3){ref-type="table"} and [5](#Tab5){ref-type="table"}.

The comparison of different scenarios using the *IC* shows that all the considered cases are on the same footing except for cases (IV) and (V). These cases are strongly disfavoured in the PMD approach, as there is no $\documentclass[12pt]{minimal}
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In fact, from our analysis of radiative and (semi)leptonic *B* decays we identify two classes of viable NP scenarios:The widely studied $\documentclass[12pt]{minimal}
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                \begin{document}$$C^\mathrm{{NP}}_{10,e}$$\end{document}$, which emerges in the presence of large hadronic corrections to the infinite mass limit, namely our PDD approach. To our knowledge, a NP electronic axial current has not been studied in the literature, since it does not provide a satisfactory description of the angular observables within the commonly used PMD approach. We think that the present theoretical status of power correction calculations is not robust enough to discard this interesting NP scenario.Finally the most general fit we performed, namely case (VI), confirms in the PDD approach that both scenarios above are viable, although a slight preference for $\documentclass[12pt]{minimal}
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                \begin{document}$$C^\mathrm{{NP}}_{9,\mu } \ne 0$$\end{document}$ is found. More data are needed to assess what kind of NP scenario (if the anomalies persist) is realised in Nature.

Appendix A: Numerical results {#Sec9}
=============================
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For all CMS data we use the 7, 8 TeV combined results, which can be found in <https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH13010> .
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                \begin{document}$$B^+ \rightarrow K^{*+} \mu \mu $$\end{document}$ channels together, without providing the mixture ratio. On the theoretical side, we can therefore use these measurements under the approximation that QCD power corrections differentiating the amplitudes of the two channels are small. We have numerically checked that the impact of known QCD power corrections \[[@CR91]\] is indeed at the percent level in the observables of interest.

This choice is motivated in Ref. \[[@CR24]\].

Percentiles for the NP WCs are reported in Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"}, [5](#Fig5){ref-type="fig"} and [6](#Fig6){ref-type="fig"}.
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